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INTRODUCTION 

The NASA S u s t a i n i n g  G r a n t  f o r  Space S c i e n c e  and Technology,  

NGR 44-006-033, w a s  awarded i n  December 1965. The i n i t i a l  g r a n t  w a s  

b a c k d a t e d  t o  c o i n c i d e  w i t h  the academic y e a r  s t a r t i n g  1 September 

1965. Thus ,  t h e  g r a n t  h a s  n o t  been i n  f o r c e  f o r  even a f u l l  c a l e n -  

dar y e a r :  m o s t  of the r e s e a r c h  i s  s t i l l  i n  an undeveloped  s t a g e ,  

a l t h o u g h  s i g n i f i c a n t  p r o g r e s s  can be r e p o r t e d .  

The o b j e c t i v e  o f  t h e  G r a n t  i s  p r i m a r i l y  t o  f o s t e r  new r e s e a r c h  

i n  f i e l d s  of space s c i e n c e  and t e c h n o l o g y  a t  R i c e  U n i v e r s i t y .  

Emphasis  i s  g i v e n  t o  r e s e a r c h  c a r r i e d  o u t  by new f a c u l t y  m e m b e r s ,  

a l t h o u g h  i n  a f e w  cases new projects  of s e n i o r  f a c u l t y  m e m b e r s  are 

b e i n g  s u p p o r t e d .  Funds f r o m  t h e  S u s t a i n i n g  G r a n t  h a v e  a l s o  been  

u s e d  for  t h e  a c q u i s i t i o n  o f  c e r t a i n  i t e m s  o f  equipment  t h a t  s e r v e  a 

g e n e r a l  p u r p o s e  i n  t h e  areas of space s c i e n c e  and t e c h n o l o g y .  

The  a d m i n i s t r a t i o n  of t h e  g r a n t  i s  c a r r i e d  o u t  unde r  t h e  d i r e c t i o n  

of the S c i e n c e  and E n g i n e e r i n g  Research  C o u n c i l .  This c o u n c i l  c o n s i s t s  

of t h e  f o l l o w i n g  f a c u l t y  members: 

K,  S. P i t z e r ,  P r e s i d e n t  

H. E. Ror schach ,  P r o f e s s o r  of P h y s i c s ,  P h y s i c s  Depar tment  , 

A. J. Chapman, P r o f e s s o r  of Mechan ica l  E n g i n e e r i n g ,  

Chairman o f  C o u n c i l  

Department  of Mechan ica l  and Aerospace  
E n g i n e e r i n g  and Mater ia l s  S c i e n c e  

A. J. D e s s l e r ,  Professor of Space S c i e n c e ,  Space  S c i e n c e  
Department  

W, E. Gordon, Dean o f  S c i e n c e  and  E n g i n e e r i n g  

F. Levy, Associate P r o f e s s o r  o f  Economics,  Economics 

C. P. Read, P r o f e s s o r  o f  B i o l o g y ,  B io logy  Department  

P r o f e s s o r  A. J. Dessler and D r .  A.  J, Chapman h a v e  a c t e d  

Department  

a s  a special  subcommit tee  conce rned  w i t h  t h i s  g r a n t .  
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T h i s  g r a n t  h a s  had  a s i g n i f i c a n t  e f fec t  i n  t h e  development  o f  

research i n  space s c i e n c e  and t echno logy  a t  R i c e  i n  s p i t e  of t h e  

shor t  t i m e  it has been i n  f o r c e .  S i g n i f i c a n t  p r o g r e s s  i n  t h e  v a r i o u s  

p ro jec ts  i s  c e r t a i n l y  e x p e c t e d  a s  t h e  new r e s e a r c h  programs s t a r t e d  

by t h i s  g r a n t  ma tu re .  
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1. 

2. 

PROJECT: I n v e s t i g a t i o n  on t h e  I m p a c t  of t h e  Manned S p a c e c r a f t  
C e n t e r  on  t h e  F i s c a l  S t r e n g t h  of L o c a l  Governments  
i n  t h e  S u r r o u n d i n g  Area 

a .  CHIEF  INVESTIGATOR: llharles FL M c  L u r e ,  Jr. A s s i s t a n t  
Professor  o f  Economics 

b. STATUS REPORT: One of t h e  i m p o r t a n t  e f f e c t s  t h e  Manned 
S p a c e c r a f t  C e n t e r  h a s  had  upon t h e  Hous ton  a r e a  i s  i t s  
i m p a c t  upon t h e  f i s c a l  s t r e n g t h  o f  l o c a l  gove rnmen t s  i n  
t h e  a r e a .  An a n a l y s i s  i s  being made o f  t h e  cos t  and  
r e v e n u e  s t r u c t u r e s  of t h e  C l e a r  Creek  I n d e p e n d e n t  School 
D i s t r i c t  t o  d e t e r m i n e  h o w  t h e  C e n t e r  h a s  a f f e c t e d  t h e  
f i s c a l  c o n d i t i o n  of t h i s  l o c a l  g o v e r n m e n t a l  u n i t .  The 
a n a l y s i s  e x p l i c i t l y  c o n s i d e r s  t h e  C e n t e r ' s  e f f e c t s  upon I 

t h e  school d i s t r i c t ' s  e n r o l l m e n t ,  b u i l d i n g  r e q u i r e m e n t s ,  
t a x  r e v e n u e s ,  and  s t a t e  a n d  f e d e r a l  g r a n t s .  

PROJECT: I n v e s t i g a t i o n  on A p p l i c a t i o n  o f  V a r i a t i o n a l  
Methods for D e t e r m i n i n g  t h e  F r e e  Boundary o f  
t h e  Imping ing  Jet  

a. CHIEF INVESTIGATOR: G a r v  D. F i s h e r ,  A s s i s t a n t  Pro- 
f e s s o r  of Chemica l  E n g i n e e r i n g  

b. STATUS REPORT: I n  t h e  i m p i n g i n g  j e t  p r o b l e m ,  a j e t  
emerg ing  from a t u b e  i m p i n g e s  p e r p e n d i c u l a r l y  a g a i n s t  
a n  i n f i n i t e  p l a n e .  The boundary  o f  t h e  f l u i d  be tween  
t h e  j e t  e x i t  a n d  t h e  p l a n e  i s  a free boundary  i n  t h e  
s e n s e  t h a t  i t  i s  f r e e  t o  assume a p o s i t i o n  s u b j e c t  
t o  t h e  c o n s t r a i n t  t h a t  t h e  p r e s s u r e  o r  v e l o c i t y  a l o n g  
t h e  f r e e  boundary  i s  c o n s t a n t .  The f r e e  boundary  
c o n s i d e r a b l y  c o m p l i c a t e s  t h e  problem. 

The f l o w  f i e l d  f o r  t h e  c o n s t a n t  d e n s i t y ,  i n v i s c i d  
i m p i n g i n g  j e t  was c a l c u l a t e d  b y  a p o t e n t i a l  t h e o r y  method 
as a d a p t e d  t o  a d i g i t a l  computer .  The p o s i t i o n  o f  t h e  
f r e e  boundary  was v a r i e d  u n t i l  t h e  c a l c u l a t e d  v e l o c i t y  
p o t e n t i a l  on t h e  boundary  w a s  c o n s i s t e n t  w i t h  a n  
assumed free boundary  t o  w i t h i n  a n  a c c e p t a b l e  error. 
I t  h a s  b e e n  found t h a t  t h e  p o s i t i o n  of t he  free b o u n d a r y  
a t  a n y  p o i n t  i s  a s t r o n g  f u n c t i o n  o f  a l l  o t h e r  free 
boundary  p o i n t s .  
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3 .  PROJECT: I n v e s t i g a t i o n  o f  t h e  A p p l i c a b i l i t y  o f  t h e  A r t i f i c i a l  
V i s c o s i t y  Method t o  t h e  S o l u t i o n  of T u r b u l e n t  
Boundary L a y e r s  

a, CHIEF INVESTIGATOR: W. F.  Walke r ,  A s s i s t a n t  P r o f e s s o r  o f  
M e c h a n i c a l  E n g i n e e r i n g  

b. STATUS REPORT: P r o g r e s s  i n  t h e  i n v e s t i g a t i o n  h a s  b e e n  made 
a c c o r d i n g  t o  pr ior  e x p e c t a t i o n s .  The f i r s t  p h a s e  of t h e  
s t u d y  h a s  b e e n  comple t ed .  T h i s  i n c l u d e d  t h e  d e s c r i p t i o n  
of p h y s i c a l  a n d  m a t h e m a t i c a l  models t o  r e p r e s e n t  t h e  
t u r b u l e n c e  phenomenon. Mode l ing  of t h e  t u r b u l e n t  s h e a r  terms 
w a s  complicated somewhat b y  c o m p r e s s i b i l i t y  e f f e c t s  a n d  b y  
t h e  r e q u i r e m e n t  t h a t  t h e  model be applicable t o  c o n f i g u r a t i o h s  
o t h e r  t h a n  t h e  c o n v e n t i o n a l  f l a t  p l a t e .  

The s e c o n d  p h a s e  of t h e  i n v e s t i g a t i o n  ( f o r m u l a t i o n  a n d  
a n a l y s i s  of t h e  f i n i t e  d i f f e r e n c e  scheme) h a s  b e e n  c o m p l e t e d  
a n d  t h e  r e s u l t i n g  sys t em programmed f o r  t h e  IBM 7040. S i m p l e  
p h y s i c a l  problems h a v e  been  posed a n d  a series o f  " n u m e r i c a l  
e x p e r i m e n t s "  performed i n  order t o  i n v e s t i g a t e  t h e  n u m e r i c a l  
s t a b i l i t y  of t he  d i f f e r e n c e  e q u a t i o n s .  These  e x p e r i m e n t s  h a v e  
provided v a l u a b l e  i n f o r m a t i o n  c o n c e r n i n g  t h e  s t a b i l i t y  problems 
assoc ia ted  w i t h  f i n i t e  d i f f e r e n c e  s o l u t i o n s  and  h a v e  i n d i c a t e d  
c e r t a i n  a p p r o a c h e s  by which  i n s t a b i l i t i e s  c a n  be c o n t r o l l e d .  
A t  p r e s e n t ,  t h e s e  a p p r o a c h e s  a r e  b e i n g  explored a s  i s  a n  
a l t e r n a t e  d i f f e r e n c e  scheme w h i c h  i s  b e l i e v e d  t o  h a v e  more 
desirable  s t a b i l i t y  c h a r a c t e r i s i t c s .  

4. PROJECT: I n v e s t i g a t i o n  o f  Energy  A d d i t i o n  t o  a n d  Flow F i e l d  
S t u d i e s  of t h e  H y p e r s o n i c  Flow of P a r t i a l l y  I o n i z e d  
Gases t h r o u g h  Expans ion .  

a .  CHIEF INVESTIGATOR: F.  W. Wierum, A s s i s t a n t  P r o f e s s o r  of 
M e c h a n i c a l  E n g i n e e r i n g  

b. STATUS REPORT: D u r i n g  t h e  r e p o r t i n g  period t w o  projects con- 
c e r n i n g  t h e  e n e r g y  a d d i t i o n  t o  a n d  f l o w  f i e l d  s t u d i e s  o f  t h e  
h y p e r s o n i c  f l o w  o f  p a r t i a l l y  i o n i z e d  g a s e s  t h r o u g h  e x p a n s i o n  
n o z z l e s  h a v e  b e e n  c a r r i e d  o u t .  One o f  t h e s e  projects  h a s  
b e e n  completed, t h e  o t h e r  i s  c u r r e n t l y  n e a r i n g  c o m p l e t i o n .  

The completed s t u d y  c o n c e r n s  t h e  spectroscopic s t u d y  of 
e l e c t r o n - i o n  r e c o m b i n a t i o n  i n  a n  Argon p l a s m a .  T h i s  s t u d y  
is a p a r t  of t h e  o v e r a l l  project  c o n c e r n e d  w i t h  e s t a b l i s h i n g  
t h e  e x p e r i m e n t a l  measurements  a n d  t h e o r e t i c a l  a s s u m p t i o n s  
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which a r e  n e c e s s a r y  t o  r e l i a b l y  d e t e r m i n e  t h e  s t a t e  of  
a p a r t i a l l y  i o n i z e d  g a s  a s  it f l o w s  th rough  a c o n v e r g i n g -  
d i v e r g i n g  n o z z l e .  T h e  r e s u l t s  of t h i s  r e s e a r c h  have  
been r e p o r t e d  i n  a R i c e  U n i v e r s i t y  Ph.D. thes i s  s u b m i t t e d  
by  M. A. F r o s t  i n  Augus t ,  1966. A paper b a s e d  on t h i s  t hes i s  
w i l l  be s u b m i t t e d  t o  t h e  P h y s i c a l  Review on Oc tobe r  1 5 ,  1966. 

The  second  s t u d y  i s  conce rned  w i t h  i n v e s t i g a t i n g  t h e  
u s e  of r a d i o - f r e q u e n c y  m a g n e t i c  f i e l d s  f o r  a d d i n g  e n e r g y  
t o  a s u p e r s o n i c  p lasma.  T h i s  r e s e a r c h  i s  n e a r i n g  c o m p l e t i o n ;  
p r e l i m i n a r y  d a t a  h a s  been c o l l e c t e d .  These  d a t a  i n d i c a t e  
a f a u l t y  g r o u p  of p r e s s u r e  t r a n s d u c e r s .  These  t r a n s d u c e r s  
are b e i n g  r e p l a c e d  by a more r e l i a b l e  group.  However, d a t a  
c o l l e c t i o n  w i l l  be d e l a y e d  u n t i l  t h e y  are  i n s t a l l e d .  

5. PROJECT: An E x p e r i m e n t a l  S tudy  of S t a n d i n g  Sound Waves i n  
I o n i z e d  Media 

a. CHIEF INVESTIGATOR: H. K. Beckmann, P r o f e s s o r  of Mechan ica l  
E n g i n e e r i n g  

b. STATUS REPORT: Dur ing  t h e  report  p e r i o d  a s u i t a b l e  method 
of h a n d l i n g  l i q u i d  Cesium for u s e  a s  a working  f l u i d  h a s  
been  deve loped .  The Cesium h a s  been  used  t o  c r e a t e  a h o t  
s t a g n a n t  plasma a t  about 1 / 2  a tmosphe re  p r e s s u r e ,  u s i n g  
a 4 m c / s  i n d u c t i o n  h e a t e r .  

S u i t a b l e  l i q u i d  c o o l e d  a p p a r a t u s  h a s  been  d e s i g n e d  
and  f a b r i c a t e d  so t h a t  t h e  v e r y  h o t  plasma c a n  be c o n f i n e d  
for a r e a s o n a b l e  t i m e  p e r i o d .  A method o f  c r e a t i n g  s t a n d i n g  
sound waves i n  t h e  plasma h a s  been a r r i v e d  a t  and i s  now 
b e i n g  r e a d i e d  for t e s t .  

6. PROJECT: I n v e s t i g a t i o n  of Condensa t ion  o f  Vapors i n  a Zero-G 
Envi ronment  

a. CHIEF INVESTIGATOR: A. J. Chapman, P r o f e s s o r  of Mechan ica l  
E n g i n e e r i n g  

b. STATUS REPORT: The a n a l y s i s  o f  t h e  c o n d e n s a t i o n  of a vapor  
on a h o r i z o n t a l  f l a t  s u r f a c e  and  t h e  s u b s e q u e n t  f l o w  of t h e  
l i q u i d  f i l m  (under  t h e  i n f l u e n c e  of h y d r o s t a t i c  p r e s s u r e  and 
s u r f a c e  t e n s i o n )  h a s  neve r  been  a n a l y z e d  p r i o r  t o  work done 
on t h i s  g r a n t .  T h i s  a n a l y s i s  h a s  now been  c o m p l e t e d ,  v e r i f i e d  
by e x p e r i m e n t ,  and e x t e n d e d  t o  t h e  c a s e  of c o n d e n s a t i o n  o f  a 
vapor  from a gas-vapor  m i x t u r e .  The work w i l l  be e x t e n d e d  t o  
cases i n  which  c o n d e n s a t i o n  i s  t a k i n g  place i n  the a b s e n c e  
of g r a v i t y .  
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A s i m i l a r  a n a l y s i s  h a s  b e e n  a p p l i e d  t o  t h e  problem of free 
c o n v e c t i o n  a b o u t  a h o t  p l a t e  f a c i n g  downward o r  a cold 
p l a t e  f a c i n g  upward. T h i s  problem h a s  been  t r e a t e d  o n l y  i n  
a n  e x p e r i m e n t a l  f a s h i o n  before.  
tion of t h e  s u r f a c e  heat t r a n s f e r  c o e f f i c i e n t  w e r e  o b t a i n e d .  

Fo rmulas  fo r  t h e  predic- 

7. PROJECT: H e a t  R e j e c t i o n  Space  R a d i a t o r  S t u d i e s  

a.  CHIEF INVESTIGATOR: A .  J. Chapman, Professor  M e c h a n i c a l  
E n g i n e e r i n g  

b. STATUS REPORT: T h e  a b s e n c e  of a c o n v e c t i v e  medium means 
t h a t  t h e  o n l y  mechanism a v a i l a b l e  f o r  t h e  r e j e c t i o n  of was te  
h e a t  from spacecraft i s  t h a t  of t h e r m a l  r b d i a t i o n .  C u r r e n t l y  
employed hea t  r e j e c t i o n  s y s t e m s  u t i l i z e  a bank  of f i n n e d  
t u b e s  t h r o u g h  which  a f l u i d  c a r r y i n g  t h e  i n t e r n a l l y  g e n e r a t e d  
h e a t  f l o w s .  A t  t h e  p r e s e n t  t i m e  s u c h  s y s t e m s  a r e  d e s i g n e d  
a n d  a n a l y z e d  b y  t h e  u s e  of e l a b o r a t e  d i g i t a l  computer  programs. 

Work carr ied o u t  unde r  t h i s  g r a n t  h a s  b e e n  s u c c e s s f u l  
i n  o b t a i n i n g  r a t h e r  accura te  a n a l y t i c a l  s o l u t i o n s  t o  t h e  
f o l l o w i n g  h e a t  re jec t ion  r a d i a t o r  problems: 

1. F o r  a g i v e n  set of  c o n d i t i o n s  ( i - e . ,  desired h e a t  
r e j e c t i o n  a n d  i n l e t  f l u i d  c o n d i t i o n s )  t h e  n e c e s s a r y  
s i z e  and  c o n f i g u r a t i o n  of t h e  r a d i a t o r  may be 
a n a  l y t i c a l l y  determined. 

2, F o r  a g i v e n  r a d i a t o r  t h e  "known-heat- load" problem 
( i n  w h i c h  a d e s i r e d  h e a t  r e j e c t i o n  r a t e  i s  specif ied 
a n d  i t  i s  desired t o  f i n d  t h e  r e q u i s i t e  i n l e t  a n d  
o u t l e t  f l u i d  t e m p e r a t u r e s )  h a s  b e e n  s o l v e d .  

3 .  The t r a n s i t  r e s p o n s e  of  a r a d i a t i n g  f i n ,  s u b j e c t e d  t o  
v a r i a b l e  h e a t  l o a d s ,  h a s  b e e n  s o l v e d .  

8 .  PROJECT: I n v e s t i g a t i o n  o n  R e a c t i o n s  of A t o m s  w i t h  Simple Gases 

a .  CHIEF INVESTIGATOR: S. L. F r a n k l i n ,  Professor of C h e m i s t r y  

b. STATUS REPORT: T h i s  research h a s  b e e n  d e v o t e d  t o  a s t u d y  o f  
t h e  effect  o f  b e n z e n e  upon t h e  n i t r o g e n  a f te rg low.  A f a s t  
f l o w  r e a c t i o n  s y s t e m  was c o n s t r u c t e d  w i t h  f a c i l i t i e s  f o r  
e x a m i n i n g  r a d i a t i o n  b y  means of f i l t e r s  a n d  p h o t o - m u l t i p l i e r s ,  
o r ,  i n  a few i n s t a n c e s ,  by s p e c t r o s c o p y .  The n i t r o g e n  
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af te rg low was p r o d u c e d  by p a s s i n g  n i t r o g e n  a t  h i g h  f l o w  
ra tes  t h r o u g h  a m i c r o w a v e  discharge.  P r e s s u r e s  of a b o u t  
0.10 t o  10 t o r r  w e r e  employed. Benzene was added  a s  a g a s  
t h r o u g h  a j e t  i n t o  t h e  f l o w i n g  n i t r o g e n  s t r e a m .  Benzene 
q u e n c h e s  t h e  n i t r o g e n  a f t e r g l o w ,  t h e  r e d u c t i o n  i n  i n t e n s i t y  
of t h e  f i rs t  p o s i t i v e  band  s y s t e m  b e i n g  p r o p o r t i o n a l  t o  t h e  
b e n z e n e  added. A d d i t i o n  of b e n z e n e  a l s o  r e s u l t s  i n  t h e  
a p p e a r a n c e ,  i n  r a t h e r  f a i n t  i n t e n s i t y ,  of t h e  v i o l e t  and  
red b a n d s  of CN. The i n t e n s i t y  is  a b o u t  2 orders o f  m a g n i t u d e  
less t h a n  i s  o b s e r v e d  when a c e t y l e n e  i s  added  t o  t h e  n i t r o g e n  
af terglow.  A f t e r  i t s  f irst  a p p e a r a n c e ,  when v e r y  s m a l l  
amounts  of b e n z e n e  a re  added ,  a d d i t i o n a l  b e n z e n e  r e s u l t s  
i n  ra ther  r a p i d  q u e n c h i n g  o f  the  CN b a n d s ,  a s  d e t e r m i n e d  b y  
t h e  i n t e n s i t y  of t h e  v i o l e t  band .  

I t  was found  t h a t  a d d i t i o n  of b e n z e n e  r e s u l t e d  i n  t h e  
f o r m a t i o n  of i o n s  i n  t he  n i t r o g e n  a f t e r g l o w .  T h i s  w a s  n o t  
u n e x p e c t e d ,  s i n c e  t h e  i o n i z a t i o n  p o t e n t i a l  of b e n z e n e  i s  
somewhat less t h a n  t h e  r e c o m b i n a t i o n  e n e r g y  of n i t r o g e n  
atoms. The i o n s  w e r e  detected b y  r a t h e r  c r u d e  measurements  
of c o n d u c t i v i t y  be tween  p a r a l l e l  p l a t e s  a p p r o x i m a t e l y  1 
s q u a r e  c e n t i m e t e r  i n  a r e a  a n d  p l a c e d  a b o u t  1 c e n t i m e t e r  
a p a r t .  The e l ec t r i ca l  c o n d u c t i v i t y  rose s h a r p l y  w i t h  
b e n z e n e  a d d i t i o n ,  and  t e n d e d  t o  s a t u r a t e  w i t h  a d d i t i o n  of 
la rge  amounts  o f  b e n z e n e ,  a l t h o u g h  complete s a t u r a t i o n  was 
n e v e r  a c h i e v e d .  The c o n d u c t i v i t y  was measured  a b o u t  o n e  
meter downstream from t h e  p o i n t  of benzene  a d m i s s i o n .  

9. PROJECT: I n v e s t i g a t i o n  on Chemica l  R e a c t i o n s  of O r i e n t e d  M o l e c u l e s  

a .  CHIEF  INVESTIGATOR: P h i l l i p  R. B rooks ,  A s s i s t a n t  Professor 
C h e m i s t r y  

b. STATUS REPORT: The r e a c t i o n  K + CH I -, K I  + CH h a s  b e e n  3 o b s e r v e d  a t  t h e  i n t e r s e c t i o n  of a K beam a n d  a zeam of o r i e n t e d  
CH I m o l e c u l e s .  The y i e l d  o f  t h e  r e a c t i o n  i s  measu red  f o r  
p o z a s s i u m  a t t a c k i n g  t h e  m e t h y l  e n d  of t h e  m o l e c u l e  a n d  f o r  
p o t a s s i u m  a t t a c k i n g  t h e  i o d i n e  end .  The i o d i n e  e n d  i s  f o u n d  
t o  be more r e a c t i v e  a n d  s e m i q u a n t i t a t i v e  d a t a  i n t e r p r e t e d  
u s i n g  a c r u d e  model i n d i c a t e  t h a t  a K = I c o l l i s i o n  i s  
n e c e s s a r y  fo r  r e a c t i o n  t o  o c c u r .  O t h e r  t y p e s  of r e a c t i o n s  
a r e  b e i n g  s t u d i e d .  

P u b l i c a t i o n :  P. R. B rooks  a n d  E.  M.  J o n e s ,  " R e a c t i v e  

3 S c a t t e r i n g  of K A t o m s  f rom O r i e n t e d  CH I 
M o l e c u l e s " ,  J.Chem.Phys. ( t o  be p u b l i s h e d ) .  
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10. PROJECT: R e s e a r c h  i n  A t o m i c  S t r u c t u r e  

a .  CHIEF INVESTIGATORS: J. A .  J o r d a n ,  A s s i s t a n t  Professor  of 
P h y s i c s ,  a n d  A .  C. L. B a r n a r d ,  A s s i s t a n t  
P r o f e s s o r  of P h y s i c s  

b. STATUS REPORT: The h i g h  e n e r g y  atomic beam t e c h n i q u e ,  i n  
wh ich  a m o n o e n e r g e t i c ,  h i g h  v e l o c i t y  i o n  beam s t r e a m s  t h r o u g h  
a t h i n  f o i l  w i t h  t h e  r e s u l t  t h a t  t h e  beam a toms  emerge from 
the f o i l  i n  excited s t a t e s ,  h a s  b e e n  u s e d  t o  s t u d y  t h e  
s t r u c t u r e  of H e I I ,  The l ifetimes of t h e  4S, 4 D ,  4F,  5S, 
5P,  5 D ,  a n d  5F states have  b e e n  d e t e r m i n e d  by a t ime-of -  
f l i g h t  method: t h e  v a l u e s  o b t a i n e d  a r e  i n  good a g r e e m e n t  
w i t h  c a l c u l a t e d  v a l u e s .  (These  r e s u l t s  w e r e  reported a t  
t h e  m e e t i n g  "The P h y s i c s  of Free A t o m s " ,  B e r k e l e y ,  C a l i f o r n i a  
12-14 S e p t e m b e r ,  1966, a n d  w i l l  be s u b m i t t e d  t o  t h e  
J o u r n a l  of t h e  O p t i c a l  S o c i e t y  of Amer ica .  ) 

A s  a r e s u l t  of t h e  l i fe t imes s t u d y ,  it w a s  f o u n d  possible 
t o  d e t e r m i n e  the  e x c i t a t i o n  c r o s s - s e c t i o n s  f o r  t h e  v a r i o u s  
o r b i t a l  a n g u l a r  momentum s t a t e s  i n  H e I I .  These v a l u e s  
c a n  be r e l a t e d .  t o  Coulomb-Born c a l c u l a t i o n s  of e l e c t r o n  
impact e x c i t a t i o n .  Data h a s  b e e n  o b t a i n e d  i n  t h e  H e  
bombarding  e n e r g y  r a n g e  from 800 keV t o  2700 keV a n d  w i l l  
be e x t e n d e d  t o  5000 keV. 

The c a p a b i l i t y  of d e t e r m i n i n g  t h e  l i fe t imes  of t h e  
v a r i o u s  o r b i t a l  a n g u l a r  momentum s t a t e s  makes possible t h e  
e x a m i n a t i o n  o f  t h e  S t a r k  E f f e c t  i n  H e I I .  From t h e  
o b s e r v e d  c h a n g e s  i n  t h e  l i f e t i m e s  of t h e  excited s t a t e s  
c a n  be deduced  t h e  f i n e  s t r u c t u r e  s p l i t t i n g s  be tween  t h e  
s ta tes .  E a r l y  r e s u l t s  i n d i c a t e  t h a t  t h e  s p l i t t i n g s  i n  
H e 1 1  c a n  be d e t e r m i n e d  t o  w i t h i n  a few p e r c e n t .  

An a d j u n c t  t o  t h e  H e I I  e x p e r i m e n t s  has  b e e n  a project  
t o  d e t e r m i n e  t h e  o p t i m u m  o p t i c a l  s y s t e m s ,  b o t h  i n  t h e  
v i s i b l e  a n d  t h e  vacuum u l t r a - v i o l e t ,  f o r  u s e  i n  t h e  h i g h  
e n e r g y  a t o m i c  beam e x p e r i m e n t s .  The u s u a l  l i g h t  g a t h e r -  
i n g  problems a r e  s e v e r e l y  a f f e c t e d  b y  t h e  l a rge  Doppler 
effects a n d  a t h o r o u g h  a n a l y s i s  of t hose  e f f ec t s  i s  
n e a r l y  complete a n d  w i l l  be s u b m i t t e d  t o  Applied O p t i c s .  
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11. PROJECT: I n v e s t i g a t i o n  of Isotopic G e o c h e m i s t r y  a n d  Cosmochemistry 

a .  CHIEF INVESTIGATOR: J. A .  S. Adams, Professor  Geology 

b. STATUS REPORT: W i t h  t h e  f u n d s  p r o v i d e d  f o r  t h i s  p ro jec t ,  
a number of s m a l l  s u b s i d i a r y  i t e m s  h a v e  b e e n  b o u g h t  a n d  i n -  
s t a l l e d  t o  c o m p l e t e l y  u p d a t e  a n d  m o d e r n i z e  t h e  a r g o n  mass 
spectrometer d o n a t e d  by  t h e  Humble O i l  a n d  R e f i n i n g  Company. 
M e c h a n i c a l  vacuum pumps a n d  a mercu ry  d i f f u s i o n  pump h a v e  
b e e n  r e p l a c e d  by a Vacsorb and  t i t a n i u m  s u b l i m a t i o n  pump, 
g i v i n g  u s  a much c l e a n e r  s y s t e m  a n d  much more r a p i d  pump- 
down t i m e .  D u r i n g  t h i s  period o v e r  o n e  h u n d r e d  p o t a s s i u m  
a r g o n  a g e  d e t e r m i n a t i o n s  w e r e  made i n  c o n n e c t i o n  w i t h  a 
v a r i e t y  of projects  i n  t h e  Geology Depar tmen t .  These 
i n c l u d e  t h e  d a t i n g  o f  s t r u c t u r a l  e v e n t s  i n  C a l i f o r n i a ,  
d a t i n g  t h e  Precambriam of W e s t  T e x a s ,  a n d  d e t a i l e d  geo- 
c h r o n o l o g y  i n  t h e  t e r t i a r y  s e c t i o n  of E a s t  Texas where 
t h e r e  is  v e r y  close s t r a t i g r a p h i c  c o n t r o l .  

C u r r e n t l y ,  c e r t a i n  t r o u b l e s o m e  p a r t s  of the  e l e c t r o n i c s  
o n  t h e  mass spectrometer a r e  b e i n g  r e p l a c e d  b y  s o l i d - s t a t e  
e l e c t r o n i c s .  P r e s e n t  p l a n s  c a l l  f o r  e x p a n d i n g  t h e  work 
i n t o  p o t a s s i u m  a r g o n  d a t i n g  of c e r t a i n  meteorites t h a t  
h a v e  y i e l d e d  l o w  a p p a r e n t  a g e s .  One work ing  h y p o t h e s i s  
i s  t h a t  t h e  a p p a r e n t  low ages a r e  d u e  t o  t h e  f a c t  t h a t  t h e  
p o t a s s i u m  c o n t e n t  v a r i e s  w i d e l y  over s h o r t  d i s t a n c e s  i n  
t h e s e  s p e c i m e n s ,  a n d  p e r h a p s  t h e  p o t a s s i u m  a n a l y s i s  was 
d o n e  on l o w  p o t a s s i u m  p o r t i o n  of t h e  meteorite, w h i l e  t h e  
a r g o n  w a s  done  on h i g h  p o t a s s i u m  p o r t i o n .  

A n o t h e r  v e r y  p r o m i s i n g  l i n e  o f  i n v e s t i g a t i o n  t h a t  a r o s e  
from t h i s  d a t i n g  o f  t e k t o n i c  e v e n t s ,  was t h e  p o s s i b i l i t y  
t h a t  rocks c r u s h e d  d u r i n g  f a u l t i n g  or d u r i n g  meteor impacts 
may lose  almost  a l l  o f  t h e i r  r a d i o g e n i c  a r g o n ,  and  h e n c e  
t h e  p o t a s s i u m  a r g o n  c l o c k  i s  reset. T h i s  i s  d e f i n i t e l y  
t h e  case f o r  c e r t a i n  m y l o n i t e s  formed a l o n g  f a u l t  p l a n e s ,  
a n d  i s  b e i n g  i n v e s t i g a t e d  t o  see i f  rocks c r u s h e d  by  
unde rg round  n u c l e a r  e x p l o s i o n  lose a l l  o r  a s i g n i f i c a n t  
p o r t i o n  o f  t h e i r  r a d i o g e n i c  a r g o n .  P r e s e n t  p l a n s  c a l l  f o r  
t h e  c a r e f u l  s a m p l i n g  of  a f e w  meteor c r a t e r s  t o  see i f  t h e y  
c a n  be dated i n  t h i s  manner. 
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1 2 .  PROJECT: S t u d y  of T r a n s p o r t  Phenomena i n  Very Dense I o n i z e d  
G a s e s  

a.  CHIEF INVESTIGATOR: D. D.  C l a y t o n ,  Associate  P r o f e s s o r  of 
S p a c e  S c i e n c e  

b. STATUS REPORT: A f u n d a m e n t a l  i n v e s t i g a t i o n  o f  t r a n s p o r t  
phenomena i n  d e n s e  i o n i z e d  g a s e s  h a s  b e e n  car r ied  o u t  
w i t h  D r .  P. B. Shaw. The p a r t i c u l a r  p r o b l e m  of h e a t  
c o n d u c t i o n  b y  r e l a t i v i s t i c  d e g e n e r a t e  e l e c t r o n s  i s  n e a r l y  
s o l v e d ,  b u t  more work r e m a i n s  t o  be done  o n  t h e  c o l l e c t i v e  
s c a t t e r i n g  c r o s s - s e c t i o n  a n d  t h e  i o n  mobili t ies.  D r .  Shaw 
h a s  moved t o  Penn S t a t e  U n i v e r s i t y ,  a n d  t h e  r e s e a r c h  w i l l  
be summarized f o r  p u b l i c a t i o n  t h e r e .  

13. PROJECT: E x p e r i m e n t a l  F e a s i b i l i t y  S t u d y  of N e u t r o n  Albedo 
E x p e r i m e n t s  a s  Detectors  of Hydrogen i n  t h e  S u r f a c e s  
of P l a n e t s  a n d  S a t e l l i t e s  

a .  CHIEF INVESTIGATOR: R .  C. Haymes, A s s i s t a n t  P r o f e s s o r  
of Space S c i e n c e  

b. STATUS REPORT: T h i s  repor t  c o v e r s  t h e  period 1 March 1966 - 
31 August  1966.  

A o n e - c u r i e  Pu-Be n e u t r o n  s o u r c e  h a s  b e e n  ordered f o r  t h i s  
e f f o r t .  However, t h e r e  w e r e  many d e l a y s  i n  s e c u r i n g  t h e  
n e c e s s a r y  l i c e n s e s  a n d  the s o u r c e  was n o t  r e c e i v e d  u n t i l  
n e a r  the  e n d  of t h e  r e p o r t i n g  period. 

Detectors a r e  r e a d y  t o  b e g i n  t h e  p l a n n e d  work.  Machine- 
shop work on t h e  n e c e s s a r y  s a m p l e - h o l d e r  w i l l  commence i n  t h e  
immediate f u t u r e .  

14. PROJECT: O p t i c a l  Astronomy Program 

a.  CHIEF INVESTIGATORS: A .  J. Dessler, P r o f e s s o r  o f  S p a c e  S c i e n c e  

R.  P. Kovar ,  A s s i s t a n t  P r o f e s s o r  S p a c e  
S c i e n c e  

b. STATUS REPORT: O b s e r v a t i o n a l  work of the  Q u a s i  S t e l l a r  
S o u r c e s  w i l l  be resumed t h i s  f a l l .  UBVRI measurements  
of t h e s e  objects a r e  b e i n g  c a r r i e d  o u t  i n  c o n j u n c t i o n  w i t h  
U n i v e r s i t y  of A r i z o n a  p e r s o n n e l ,  u s i n g  t h e  28- inch  ref lector  
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a n d  UBVRI p h o t o m e t e r  a t  t h e  C a t a l i n a  s t a t i o n .  Da ta  
a c q u i r e d  d u r i n g  t h e  s p r i n g  of 1966 was r e d u c e d  d u r i n g  
t h e  summer of 1966 a n d  i s  now a v a i l a b l e  f o r  i n t e r p r e t a -  
t i o n .  

I n v e s t i g a t i o n s  o f  i n f r a r e d  hydrogen  l i n e  e m i s s i o n  
(Paschen ,  B r a c k e t t ,  e t c . )  from H I 1  r e g i o n s  h a s  shown 
t h a t  measurements  of t h e  i n t e n s i t i e s  of these l i n e s  
w i l l  be o f  i m p o r t a n c e  i n  comput ing  a c c u r a t e  r e d d e n i n g  
c o r r e c t i o n s  a s  w e l l  a s  e n l a r g i n g  o u r  u n d e r s t a n d i n g  of 
t h e  r a d i a t i v e  t r a n s f e r  problem of t h e s e  objects .  The 
expected P a s c h e n  a n d  B r a c k e t t  l i n e  i n t e n s i t i e s  expected 
from NGC 1976 h a v e  been c a l c u l a t e d .  I t  i s  shown t h a t  
some of t h e s e  i n f r a r e d  l i n e s  c o u l d  be detected from t h e  
e a r t h ' s  s u r f a c e .  

15. PROJECT: A n a l y s i s  o f  Mariner  Da ta  a n d  C o n s t r u c t i o n  and 
C a l i b r a t i o n  of a Low-Energy P r o t o n  Detector 

a .  C H I E F  INVESTIGATOR: H. R.  Ander son ,  A s s i s t a n t  Professor 
of S p a c e  S c i e n c e  

b. STATUS REPORT: W e  have  completed the  r e d u c t i o n  of t h e  
M a r i n e r  I V  i o n  chamber d a t a  t o  the  form of the  measured  
q u a n t i t y  v e r s u s  t i m e  of r e c e p t i o n  of t h e  d a t a  a t  E a r t h .  
A l l  bad d a t a  p o i n t s  have  b e e n  deleted,  l e a v i n g  t h e  above  
on m a g n e t i c  t a p e  i n  d i g i t a l  compute r  f o r m a t .  From these 
da ta  w e  h a v e  computed a v e r a g e s  f o r  v a r i o u s  periods and  
power spectral  d e n s i t y .  These r e s u l t s  a r e  now b e i n g  w r i t t e n  
u p  f o r  p u b l i c a t i o n .  

I n  t h e  p r o t o n  d e t e c t o r  project  s u p p o r t e d  u n d e r  t h i s  
g r a n t  w e  have  d e m o n s t r a t e d  i n  l a b o r a t o r y  t es t s  t h a t  
p r o t o n s  w i t h  e n e r g i e s  a s  l o w  a s  50 keV c a n  be c o u n t e d  
b y  u n s h i e l d e d  s i l i c o n  s u r f a c e - b a r r i e r  d e t e c t o r s ,  and  t h e i r  
e n e r g y  measured .  The r e s p o n s e  t o  e l e c t r o n s  of s u r f a c e -  
bar r ie r  detectors of v a r i o u s  t h i c k n e s s e s  h a s  a l s o  been  
measu red  i n  t h e  l a b o r a t o r y .  S u i t a b l e  preamplifier and  

* c o i n c i d e n c e  c i r c u i t s  have  b e e n  b u i l t  a n d  tested.  
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16. PROJECT: A c q u i s i t i o n  of Random E q u a l i z a t i o n - A n a l y z e r  Sys tem f o r  
E x i s t i n g  V i b r a t i o n  Equipment  

a .  CHIEF INVESTIGATOR: A .  J. Dessler, P r o f e s s o r  of Space S c i e n c e  

b. STATUS REPORT: The e x i s t i n g  v i b r a t i o n  t e s t i n g  equ ipmen t  
was a c q u i r e d  w i t h o u t  a random-noise  c a p a b i l i t y .  I t  be- 
came e v i d e n t  t h a t  it would be impossible t o  do r e q u i r e d  
v i b r a t i o n  t e s t i n g  f o r  v a r i o u s  s a t e l l i t e ,  a n d  s o u n d i n g  
rocket p a y l o a d s  u n l e s s  n o i s e  c o n d i t i o n s  c o u l d  be s i m u l a t e d .  
T h i s  equ ipmen t  c o n s i s t s  of a n  80 c h a n n e l  manual  e q u a l i z e r  
and  a n  80 c h a n n e l  s p e c t r u m  a n a l y z e r  w i t h  n e c e s s a r y  
p e r i p h e r a l  g e a r .  The manual  e q u a l i z e r  is one  wh ich  may 
be c o n v e r t e d  t o  a u t o m a t i c  o p e r a t i o n  a t  a l a t e r  d a t e .  

T h i s  equ ipmen t  i s  for the  g e n e r a l  u s e  of t he  e x p e r i m e n t a l  
p rog ram b e i n g  carr ied o u t  w i t h i n  the  Depar tmen t  of Space S c i e n c e .  
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EXPENDITURES FOR THE P E R I O D  

1 MARCH 1966 THROUGH 3 1  AUGUST 1966 

S a l a r i e s  

Mater ia ls  and S u p p l i e s  

Computer S e r v i c e s  

P r i n t i n g  and Reproduc t ion  

T r a v e l  

Equipment : 

Ma] or * 
Minor (cost  l e s s  t h a n  $1,000)  

Overhead @ 20% 

T o t a l  Expended T h i s  P e r i o d  

Commitments 

To ta l  Expended t o  28 Februa ry  1966 

Unexpended B a l a n c e  

T o t a l  G r a n t  

$ 5 4 , 7 4 3  

1 1 , 6 1 3  

3 ,140  

1 , 0 9 1  

1 , 4 4 8  

21 ,546  

3 ,337  

1 9 , 3 8 4  

116 ,302  

6 5 , 7 5 2  

24 ,039  

1 9 3 , 9 0 7  

$ 400 ,000  

*Ma] or  Equipment : 

MB Model T-486-80 Mixed f i l t e r  Manual e q u a l i z e d  w i t h  mixed 

f i l t e r s ,  i n s t a l l e d  i n  R i c e  Space S c i e n c e  F a c i l i t i e s  p resent  

v i b r a t i o n  sys t em w i t h  t h e  f o l l o w i n g  a d d i t i o n a l  equipment :  

1 ea N166 XY r e c o r d e r  
1 ea C a b i n e t  S e c t i o n  
1 ea N165 L o g a r i t t i m e c  C o n v e r t e s  
1 ea N 1 2 2  t r u e  RMC v o l t m e t e r  $21 ,546 .50  


